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Introduction 

The  goal  of  this  paper  is  to  review  the  aspects  of  cognitive 
science  that  appear  to  relate  best  to  efforts  to  use 
electrical  and  magnetic  recording  to  understand  the  function  of 
brain  systems.  To  meet  this  goal  it  is  important  to  understand 
the  changes  that  have  taken  place  in  recent  years,  both  in  our 
understanding  of  brain  function  and  in  our  understanding  of 
cognition.  It  is  on  the  latter  changes  that  I  plan  to 
concentrate  in  this  paper. 

The  term  cognitive  science  relates  to  efforts  by  students  of 
psychology,  linguistics  and  artificial  intelligence,  among 
others,  to  produce  a  fundamental  analysis  of  natural  and 
artificial  intelligence.  This  area  is  of  enormous  breadth  and 
there  would  be  no  possibility  of  a  thorough  review  here.  Instead 
I  first  attempt  to  develop  a  framework  which  describes  work  in 
cognition  at  several  levels  of  analysis  most  appropriate  for  the 
goal  of  developing  a  relation  to  underlying  neural  systems.  I 
then  then  analyze  recent  work  on  spatial  attention  in  more  detail 
as  a  model  use  of  the  framework  to  guide  integrative  research. 
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F  ranework 

Figure  1  provides  an  overall  framework  of  five  levels  that 


Insert  Figure  1  about  here 

seem  to  me  to  provide  a  basis  for  establishing  empirical 
relationships  between  complex  cognitive  activity  and  brain 
systems.  In  the  history  of  research  on  localization  of  function 
from  the  time  of  phrenology  to  the  present  there  has  been 
greatly  oversimplified  conceptions  of  cognition.  Phrenology 
sought  to  localize  very  general  mental  faculties  or  cognitive 
traits  that  might  underly  the  ability  to  compose  music, 
play  chess  or  perform  some  other  complex  skill. 

Following  the  development  of  behaviorism,  the  study 
of  cognition  was  often  confined  to  what  could  be  observed  in 
overt  behavior,  or  with  the  aid  of  a  very  few  simple 
internal  constructs,  mostly  motivational,  that  tied  internal 
systems  to  overt  behavior.  This  approach  still  dominates  in  the 
study  of  behavioral  neuroscience. 

In  the  last  twenty  years,  complex  cognitive  tasks 
such  as  playing  chess,  reading,  or  manipulating  visual  images, 
have  been  subjected  to  detailed  analysis.  In  his  study  of 
imagery,  for  example,  Kosslyn  (1980)  postulates  twelve  element ary 
mental  operations  such  as  picture,  find,  put,  image,  regenerate, 
look  for,  scan.  For  example,  the  scan  function  performs  the 
operation  of  "moving  all  points  in  surface  matrix  along  a  vector; 
fills  in  new  material  at  leading  edge  via  an  inverse  mapping 
function."  Each  operation  performs  a  specific  cognitive 
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function. 

When  these  mental  operations  are  concatenated  in  a  flow 
diagram,  one  has  a  computational  model  in  the  sense  that  it 
should  allow  a  computer  to  perform  the  prescribed  imagery  task. 
Kosslyn  uses  as  an  example  the  task  of  examining  whether  an 
image  of  an  automobile  does  or  do-s  >,.-t  contain  a  spare  tire. 

In  recent  years  some  aspects  of  tasks  such  as  reading 
(Rummel hart  &  McClelland,  1982)  have  been  analyzed  in  terms  of 
computational  models.  These  models,  show  that  the  set  of 
elementary  operations  proposed  by  the  model  are  sufficient  to 
produce  the  cognitive  performance  described.  The  top  two  levels 
of  Figure  1  are  at  the  level  of  cognitive  science  in  that  they 
deal  with  efforts  to  provide  a  sufficient  basis  for  an 
electro-mechanical  system  to  perform  the  type  of  cognition  listed 
(e.g.,  chess  playing  or  imagery).  They  do  not  necessarily  tell 
us  how  a  human  mind,  still  less  a  human  brain,  performs  these 
operations.  Nonetheless,  these  computational  models  provide  us 
with  a  way  of  analyzing  cognition  that  shows  very  clearly  that 
cognitive  tasks  may  be  viewed  as  consisting  of  elementary 
operations  which  are  combined  in  complex  programs  to  solve  the 
overall  task. 

In  order  to  convert  the  abstract  elementary  operations 
of  cognitive  science  to  an  analysis  of  human  mental  processes 
it  is  necessary  to  examine  the  components  of  these  operations. 
Many  such  operations  have  been  examined  by  chronometric 
experiments  (Posner,  1978).  These  chronometric  experiments 
require  human  subjects  to  perform  elementary  operations  such 
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as  "scanning  a  list”,  "matching  items”,  "zooming'1,  postulated  0 y 
the  cognitive  models.  Such  experimental  studies  have  shown 
evidence  of  time  locked  component  facilitations  and  inhibitions 
that  occur  in  the  process  of  performing  these  elementary 
operations.  For  example,  suppose  a  person  is  required  to  scan  a 
list  of  digits  to  determine  if  a  single  probe  digit  is  a  member 
of  a  previously  presented  list  (Sternberg,  1966).  The  underlying 
processes  could  be  examined  by  measuring  the  reaction  time  to 
respond  “yes"  or  "no"  as  a  function  of  number  of  items  in  the 
list.  This  analysis  allows  a  detailed  exmi nation  of  a  mental 
operator  similar  to  one  posited  by  many  computer  programs  that 
require  comparing  a  target  with  items  stored  in  a  list.  If  a 
human  being  is  required  to  perform  this  task  it  takes 
approximately  30  milisec  per  digit  as  the  length  of  the  list  is 
increased  from  1  to  6  digits. 

The  time  locking  of  this  putative  comparison  operation  is 
impressive.  Moreover,  we  know  that  the  activation  of  any  item 
during  the  comparison  process  produces  a  facilitation  in 
processing  items  that  are  similar  to  it  (Posner,  1978).  For 
example,  as  the  subject  thinks  about  the  digit  3  he  potentiates 
the  efficiency  (e.g.,  speeds  reaction  time  or  reduces  threshold) 
with  which  that  visual  digit  is  handled.  In  addition,  we  also 
know  that  when  one  attends  actively  to  a  digit,  there  will  be  an 
inhibition  in  the  processing  of  items  not  sharing  that  pathway 
(Neely,  1977).  Thus,  the  elementary  operation  involved  in  com¬ 
paring  the  probe  digit  with  items  in  store  may  be  studied  in 
terms  of  time  locked  facili tat ions  and  inhibitions  that  affect 


5 


probed  responses.  Some  mental  operations,  including  matching, 
naming,  rotations,  zooming,  have  been  studied  in  terms  of 
component  facilitations  and  inhibitions.  The  results  provide 
a  psychological  or  information  processing  account  of  the 
underlying  mental  events  involved  in  the  task.  These  operations 
take  place  in  real  time  and  at  a  much  slower  rate  than  woula  cf 
the  case  for  existing  computer  sytems. 

Some  psychologists  and  philosophers  have  stressed  the 
sufficiency  of  this  kind  of  component  analysis  in  providing  a 
basis  for  information  processing  models  of  cognition.  They  argue 
it  is  unneccessary  to  go  further  and  ask  to  what  extent  are 
neural  systems  related  to  such  components.  However,  other 
psychologists,  including  most  readers  of  this  journal ,  do  wish  to 
go  further. 

Indeed  there  is  reasonable  evidence  that  components  of  the 
event  related  potential  are  systematically  related  to  such 
component  operations.  For  example,  in  1978  I  reviewed  evidence 
that  the  time  for  release  of  the  P-300  was  related  to  the  cegree 
of  priming  or  activation  of  an  underlying  psychological  pathway. 
Evidence  since  then  (Duncan-Johnson  &  Donchin,  1982)  has  shown 
that  the  latency  and  amplitude  of  the  P-300  is  systematically 
related  to  the  benefits  obtained  in  priming  a  pathway  by  a 
pre-cue.  There  is  a  good  deal  of  independence  between  the  degree 
of  P-300  change  and  changes  in  reaction  times  with  cuing, 
suggesting  that  the  P-300  indexes  somewhat  different  mental 
processes  than  are  indexed  by  reaction  time. 

Naatanen  (1982)  has  shown  that  systematic  negative  shifts  in 
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the  event  related  potential  can  Le  associated  with  the  direction 
of  the  subject's  attention.  For  example,  if  subjects  are 
attending  to  the  right  ear,  stimuli  on  that  ear  will  show  a 
negative  shift  with  respect  to  stimuli  occurring  on  an  unattended 
channel  (e.g.  left  ear)  that  takes  place  a pp r cx i ma te 1 y  100 
nillisec  after  input.  Naatanen  argues  that  the  latency  of  these 
negative  shifts  depend  upon  the  extent  of  processing  prior  to 
reaching  a  level  at  which  attention  is  directed.  If  attention  is 
directed  to  a  more  complicated  aspect  of  stimuli,  e.g., 
frequency,  the  negative  shift  will  occur  later  than  if  it  is 
directed  toward  ear  of  entry.  Harter  and  Guido  (1980)  have  shown 
systematic  negative  shifts  occurring  about  200  msec  for  visual 
stimuli  that  match  the  spatial  frequency  to  which  the  subject's 
attention  has  been  directed.  Since  we  know  that  attending  to  a 
particular  pathway  will  activate  that  pathway  (McLean  &  Shulnan, 
1973)  it  seems  reasonable  to  suppose  that  the  processing 
negativity  discussed  by  Naatanen  is,  in  fact,  a  brain  sign 
related  to  the  facilitation  obtained  in  chronometri c 
experiments . 

This  assumption  has  a  number  of  remaining  difficulties. 

Most  of  the  performance  priming  experiments  use  a  trial  by 
trial  design.  The  prime  is  introduced  at  the  start  of  the  trial 
and  a  subsequent  target  on  that  trial  is  shown  to  be  affected  by 
the  prime.  However,  most  of  the  work  reviewed  by  Naatanen 
requires  successive  presentation  of  a  number  of  stimuli  and 
indeed,  the  negative  shift  is  reduced  or  lost  when  there  is  a 
long  time  between  successive  inputs.  Most  of  the  chronometric 


experiments  seem  to  indicate  that  facilitation  can  occur  either 
automatically  from  the  presentation  of  the  stimulus  itself  or 


from  an  act  of  attention.  tiaatanen  suggests,  although  his 
experiments  do  not  prove,  that  attention  is  the  necessary 
condition  for  the  negative  shifts  found  in  the  EEG. 

The  very  suggestive  work  from  the  EEG  can  now  be 
supplemented  by  other  methods  of  relating  component  facilitations 
anc  inhibitions  to  brain  systems.  These  other  methods  include 
magnetic  potentials,,  study  of  blood  flow,  and  the  study 
the  effects  of  brain  lesions.  For  example,  Knight,  Hill  •  g  , 
Woods  &  Neville  (1980)  have  shown  that  lesions  in  the  pa  i-  a  1 
lobe  will  affect  the  degree  of  processing  negativity  obtained 
when  subjects  are  instructed  to  attend  to  one  ear  rather  than  the 
other. 

In  the  case  of  attention  to  visual  locations  there  are  also 
data  available  from  single  cell  recording  that  do  appear  to 
converge  upon  our  effort  to  relate  component  facilitations 
to  underlying  brain  systems.  During  the  last  fifteen  years 
neurophysiologists  have  been  able  to  record  from  single  cells  in 
alert  monkeys  doing  cognitive  tasks.  Summaries  of  this  work 
(Wurtz,  Goldberg  l  Robinson,  1980)  indicate  that  single  cells  in 
the  posterior  parietal  lobe  of  alert  monkeys  show  a  phenomenon 
called  selective  enhancement.  Such  cells  show  enhanced  rates  of 
firing  when  a  target  occurs  in  their  receptive  field  and 
attention  is  directed  toward  that  receptive  field  as  compared 
to  conditions  when  a  target  occurs  in  their  receptive  field  and 


attention  is  directed  elsewhere.  Selective  enhancement  to 
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of  covert  attention  ( u na c c ompa n i e d  Ly  eye  movements)  dees  not 
occur  in  ether  areas  of  the  brain  such  as  frontal  eye  field, 
striate  cortex,  or  superior  colliculus.  The  convergence  c  f 
evidence  from  processing  negativity  studies  using  EES  recording 
and  fror,  the  single  cell  results  suggests  that  an  understand  r,c 
of  the  component  processes  involved  in  orienting  attention  to 
positions  in  space  ray  be  a  particularly  good  one  for  testing  t n e 
overall  framework  outlined  in  Figure  1. 

Covert  Orienting 

One  cognitive  operation  that  we  have  in  comron  with  other 
animals  is  the  ability  to  shift  attention  fror  position  to 
position  in  the  visual  field.  This  aotivity  is  cognitive  ir,  the 
sense  that  it  requires  an  alert  organism  in  active  contact  with 
its  environment.  Moreover,  this  operation  of  shifting  attention 
is  a  very  important  component  of  a  number  of  cognitive  models. 

For  example,  Kosslyn's  (1980)  scan  mechanism  allows  a  shift  of 
attention  spatially  from  one  part  of  the  visual  image  to  another. 
Similarly,  models  of  the  visual  system  (Feldman,  1982;  Treisran 
L  Gelade,  1980)  postulate  an  ability  to  bring  attention  to  any 
location  thus  making  available  mental  apparatus  allowing  more 
complex  computations  that  can  be  performed  in  parallel  across  the 
visual  field.  This  is  often  done  by  overt  movements  of  the  head 
and  eyes  which  align  the  fovea  with  the  area  of  the  visual  field 
of  interest.  However,  in  recent  years  it  has  been  shewn  that  it 
is  possible  to  direct  visual  attention  to  a  location  within  the 
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visual  field  without  any  overt  orientation  or  heaC  a  no  o-'es 
(?osner,  I960)  Such  covert  orientinc  of  attention  can  Le  measurer, 
t  y  chances  in  efficiency,  particularly  in  the  latency  and 
threshold  for  detecting  events  that  occur  at  tne  location  to 
which  attention  has  Seen  directed  in  conn  arisen  to  other 
locations  of  similar  eccentricity  in  the  visual  field. 

My  colleagues  anr  ]  (Posner,  1930;  Posner  &  Cohen,  1964; 
Posner,  Cohen  l  Pafal,  1966;  Posner,  Walker  £  Friedrich  £  Ratal, 
in  press)  have  studied  a  very  simple  task  which  eniodies  many  of 
the  features  of  covert  orienting.  In  this  task,  the  subject's 
eyes  are  fixated  at  a  central  location  on  a  cathode  ray  tube .  At 
the  beginning  cf  each  trial,  a  cue  is  presentee  by  brightening 
a  square  located  7  degrees  to  the  left  or  right  cr  fixation.  7  h  e 
cue  remains  present  for  150  msec.  Following  the  onset  cf  tne  cue, 
a  target  stimulus  is  presented  either  at  the  cued  location  or  on 
the  opposite  side  of  the  CRT.  The  results  of  a  typical  experiment 
cf  this  type  is  shown  in  Figure  2.  The  X  axis  indicates  the  time 

Insert  Figure  2  about  here 

between  onset  of  the  cue  and  the  target.  Plotted  cn  the  Y  axis 
is  the  reaction  tine  to  respond  to  a  target.  The  top  two  lines 
!  snuare  symbols)  are  from  the  first  day  in  which  the  target  was 
equally  likely  to  occur  on  the  cuea  or  uncuea  side.  Since  this 
is  the  first  day,  subjects  are  a  bit  slower  than  on  the  second 
day.  The  results  show  clearly  the  rapid  advantage  in  reaction 
time  for  the  cued  side  (solid  squares)  over  the  uncued  side 
(open  squares)  that  begins  about  50  after  tne  cue  and  remains 


fa 


present  over  the  entire  interval  except  at  the  Inst  point  where 
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there  is  a  slight  crossover.  Subjects  art  systematically  faster 
on  the  cue  a  sice  than  on  the  on  cue e  sice.  The  circles  show 
conditions  when  the  cuec  sice  has  a  probability  .8  of  getting  a 
target.  Under  these  conditions,  the  subjects  are  also  faster  on 
tne  cued  side  Isolid  circles)  tnan  tne  uncuec  siae  (open  circles; 
ana  remain  so  throughout  the  interval.  Even  when  the  cue 
signifies  that  the  target  is  unlikely  (.2)  to  occur  on  the  cue  a 
side  (triangles)  there  is  a  temporary  facilitation  on  the  siae  of 
the  cued  (solid  triangles)  that  is  replaced  after  300  nillisec  by 
an  advantage  to  the  side  which  has  the  higher  probability  of  the 
target  (uncuec  side,  open  triangles). 

What  do  these  results  indicate?  First,  the  advantage  of  the 
cued  siae  over  the  uncued  side  arises  because  the  subject's 
attention  is  drawn  toward  the  cue.  There  is  evidence  in  the 
literature  supporting  this  explanation,  since  similar  advantages 
are  found  when  the  cue  is  a  central  arrow,  which  inci cates  the 
side  likely  to  get  the  target  stimulus  (Joniaes,  1981;  Posner, 
1980).  There  does  not  need  to  be  any  peripheral  energy  chance  to 
obtain  this  result,  although  such  an  energy  change  is  an 
efficient  way  of  summoning  the  subject's  attention.  Figure  2  also 
illustrates  this  point  because  when  the  probability  is  .8  that 
the  detection  stimulus  will  occur  on  the  uncued  side,  after  300 
millisec  subjects  show  a  strong  advantage  in  reaction  tine  to 
targets  on  the  uncued  side.  Indeed,  there  is  also  evidence  that 
suggests  that  the  reaction  time  advantages  which  we  show  for  cuea 
targets  are  also  accompanied  by  a  reduction  in  the  thresholG  for 


detecting  such  targets  (Bash  in  ski  i  Bachrach,  i.980).  the  use 
of  central  cues  or  probability  differences  show  that  the 
facilitation  involves  a  mechanism  that  can  either  be  pulled  by  a 
cue  at  the  target  location  or  directed  from  a  cue  that  merely 
provides  information  about  the  target  location. 

\  second  point  is  the  impressive  time  locking  of  the 
change  in  efficiency  to  p re  sen ta t i on  of  cues.  Time  locking  is 
very  important  if  we  are  going  to  relate  these  results  to  neural 
systems.  Within  500  mi  1 1 i sec  we  see  first  an  advantage  on  the 
cued  side  and  then  an  advantage  toward  the  high  probability  side 
whether  cued  or  not. 

The  change  in  attention  that  occurs  in  covert  orienting 
can  be  seen  to  involve  three  more  elementary  mental  operations. 
These  are  shown  in  Figure  3.  They  include  disengagement  from 
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the  current  focus  of  attention  which  rr, a y  in  this  task  be  at 
fixation,  movement  across  the  visual  field  from  the  current 
location  of  attention  to  the  target  and  finally,  engagement  in 
the  target.  The  time  to  disengage  attention  from  a  current  focus 
is  a  function  of  the  depth  of  processing  at  that  focus  (LaBerge, 
1974).  That  is,  subjects  more  heavily  engaged  in  processing  a 
stimulus  at  some  target  location  will  take  longer  to  produce 
disengagement.  There  is  evidence  that  attention  movements  are  in 
some  sense  an  analog  operation.  Kosslyn's  model  indicates  that 
the  scanning  of  a  visual  images  is  analog  and  his  own  data  from 
experiments  requiring  subjects  to  access  different  locations  in 
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an  image  shows  a  linear  relationship  between  RT  ana  the  distance 
from  the  current  location  of  attention  to  the  target  location. 
Tsai  (1983)  has  shown  similar  linear  relationships  between  the 
distance  of  a  visual  target  from  fixation  and  the  time  following 
a  cue  when  one  obtains  maximum  facilitation  at  the  target 
location.  His  data  indicate  that  attention  moves  at  the  rate  of 
about  8  mill i sec  per  aegree.  This  figure  fits  quite  well  with 
the  data  shown  in  Figure  2  in  which  a  target  about  7  degrees 
from  location  shows  facilitation  by  about  50  millisec  following 
the  cue.  More  direct  evidence  of  an  analog  movement  across  the 
visual  field  has  been  obtained  by  $  hu 1  man ,  Remington  &  McLean 
(1979)  who  showeci  faciliation  of  probe  events  at  intermediate 
locations  between  fixation  and  the  target  occurs  at  times 
intermediate  between  introduction  of  the  cue  ana  finding  maximal 
facilitation  at  the  target  location. 

Once  attention  reaches  the  target  location,  it  seems 
reasonable  to  postulate  that  it  will  take  more  time  to  engage 
the  target  task  depending  upon  the  complexity  of  the  information 
processing  necessary  to  reach  the  level  of  the  system 
correspond! ng  to  the  task  instructions  given  the  subject. 

A  final  characteristic  of  the  demonstration  experiment 
illustrated  in  Figure  2  is  the  tendency  for  the  advantage  of  the 
cued  side  over  the  uncued  side  to  dissappear  over  time.  We 
(Posner  £  Cohen,  1904)  believe  that  this  is  due  to  an  inhibitory 
effect  of  the  peripheral  cue.  This  inhibition  is  seen  most 
clearly  if  attention  is  summoned  first  to  the  periphery  and  then 
back  to  fixation.  The  previously  cued  location  is  now  inhibited 
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in  comparison  to  other  locations.  Thus,  it  is  possible  by  using 
peripheral  cues  to  study  time  locked  facilitation  followed  by 
inhibition.  Inhibition  is  striking  in  Figure  2  when  one  compares 
the  dotteo  triangles  with  the  solid  circles  at  500  millisec 
delay.  Both  these  conditions  represent  locations  at  which  a 
target  will  occur  with  .8  probability,  but  the  latter  is  on  the 
side  that  was  formerly  cued.  Even  though  the  cue  has  disappeared 
this  side  is  slower  than  the  comparable  uncued  condition. 

Posner  and  Cohen  (1984)  have  proposed  a  hypothesis 
concerning  the  functional  significance  of  these  time  locked 
phasic  changes  in  facilitation  and  inhibition.  We  argue  that 
facilitation  is  achieved  by  the  alignment  of  a  central 
attentional  system  with  the  pathway  indicated  by  the  cued  event. 
This  view  is  implied  by  the  finding  that  both  central  and 
peripheral  cues  produce  facilitation.  Inhibition  depends  more 
upon  the  sensory  information  presented  in  the  cue  since  there  is 
no  inhibition  following  the  central  cue. 

According  to  this  functional  hypotheses,  facilitation  and 
inhibition  work  together  in  the  process  of  visual  orienting  in 
the  following  way.  When  the  eyes  are  fixed,  a  peripheral  visual 
stimulus  tends  to  summon  attention  rapidly  to  its  location. 
Attention  marks  this  area  and  gives  priority  to  information 
there.  Thus,  cued  locations  are  processed  faster.  Under  some 
conditions  a  movement  of  the  eyes  will  follow  in  the  direction  of 
the  facilitated  area.  As  the  eyes  move,  attention  is  reoriented 
back  to  the  fovea.  It  is  not  necessary  for  an  eye  movement  to 
induce  attentional  orienting  to  the  fovea  since  there  are 


conditions  in  which  facilitation  moves  in  retinotopic  coordinates 
(Posner  &  Cohen,  1984).  However,  in  most  situations  the  fovea  is 
favored  because  objects  of  interest  tend  to  be  foveated  and  also 
because  it  serves  to  keep  attention  and  the  fovea  coordinated 
during  successive  changes  of  eye  position.  When  one  reorients 
away  from  the  target  by  an  eye  movement,  the  previously 
facilitated  target  location  is  inhibited  so  there  is  a  bias 
against  returning  the  eyes  to  the  previously  cued  environmental 
location.  While  inhibition  occurs  with  and  without  eye  movements 
(Posner  &  Cohen,  1984)  it  appears  closely  related  in  a  functional 
sense  to  the  eye  movement  system.  Thus,  the  inhibition  effect 
would  serve  as  one  of  many  neural  systems  designed  to  favor 
novelty  over  repetition.  In  accord  with  this  hypothesis,  it 
has  been  found  that  inhibited  positions  are  less  like7y  to 
draw  the  eyes  back  to  them  (Posner,  Choate  &  Vaughan,  in 
preparation;  Vaughan,  1984). 

While  this  hypothesis  remains  speculative,  it  does  suggest 
that  there  are  functional  advantages  for  the  component 
facilitations  and  inhibitions  that  have  been  found  in  experiments 
on  spatial  orienting.  Thus  they  tend  to  link  the  component 
facilitations  and  inhibition  to  important  ecological  factors  in 
the  subject's  visual  environment. 

Neural  Systems 

I  hope  the  foregoing  indicates  that  the  study  of  covert 
orienting  has  provided  a  reasonably  simple  but  rich  functional 
model  of  an  internal  cognitive  operation.  Moreover,  the  ability 
to  describe  the  operations  of  covert  orienting  in  terms  of  time 


locked  component  facilitations  and  inhibition  suggests  that  it 
can  be  related  to  underlying  neural  systems  as  well.  For  a 
hundred  years  in  clinical  neurology  it  is  known  that  lesions, 
particularly  of  the  right  parietal  lobe  produced  problems  that 
can  be  described,  at  least  in  part,  as  a  difficulty  in 
orienting  attention  to  the  side  of  space  contralateral  to  the 
lesion  (see  DeRenz i ,  1982  for  a  review).  These  results  from 
clinical  neurology  of  course  fit  with  the  material  that  we  have 
mentioned  from  EEG  studies  showing  a  reduction  in  the  N  100  when 
patients  with  parietal  lesions  had  their  attention  directed 
to  one  ear  (Naatanan,  1982)  and  for  single  cell  recording 
results  suggestion  that  cells  in  the  posterior  parietal  lote  shew 
selective  enhancement  (Wurtz,  et  al  ,  1980  ). 

We  have  been  studying  such  patients  using  experiments  like 
those  illustrated  in  Figure  2  (Posner,  Cohen  i,  Rafal,  1982; 
Posner,  Walker,  Friedrich  £  Rafal,  in  press).  Figure  4  shows 
the  data  of  one  typical  parietal  patient.  Recently  we  have 
summarized  similar  data  from  thirteen  s-  ch  patients  (Posner,  et 
a  1  ,  in  press).  This  particular  patient,  R.S.  had  a 

Insert  Figure  4  about  here 

right  parietal  tumor  which  was  excised,  removing  most  of  the 
right  parietal  lobe.  In  this  study,  805  of  the  targets  were  on 
the  cued  side.  The  target  remained  present  for  only  one  second 
and  we  waited  five  seconds  for  a  response.  The  patient  serves  as 
his  own  control  because  we  contrast  responses  to  targets  on  the 
contralateral  side  which  go  directly  to  the  lesioned  hemisphere, 


with  targets  ipsilateral  to  the  lesion  which  go  directly  to  the 
intact  hemisphere.  We  reasoned  that  if  parietal  lesions 
interfere  with  covert  orienting  of  attention,  we  ought  to 
find  great  difficulty  in  the  subject  orienting  to  targets 
opposite  the  lesion. 

For  trials  where  the  target  is  on  the  cued  side  (solid 
lines)  this  patient  showed  a  small  but  consistent  advantage  to 
targets  ipsilateral  to  the  lesion  over  those  appearing 
con tra 1  a tera 1  to  the  lesion.  In  fact,  some  of  the  parietal 
subjects  that  we  have  run  show  no  advantage  on  cued  trials 
between  the  two  sides.  The  time  between  the  cue  and  the  target 
did  not  affect  this  relationship  strongly,  suggesting  that  the 
results  were  not  mediated  by  eye  movements  and  also  suggesting 
that  the  effect  of  the  cue  was  similar  irrespective  of  the  side 
on  which  the  cue  occurred. 

We  can  next  examine  the  relation  between  ipsilateral 
targets  on  the  cued  and  uncued  sides.  These  are  shewn  by  the 
triangles.  There  is  a  clear  cuing  effect  that  emerges  by  550 
millisec  after  the  cue.  This  is  a  relatively  slow  cueing  effect 
compared  with  our  normal  subjects.  However,  the  advantage  for 
the  cued  side  is  of  a  size  that  approximates  normal.  We  have 
founa  parietal  patients  who  show  both  rapid  ana  slow  cuing 
effects . 

The  results  are  strikingly  different  when  targets  are 
presented  on  the  side  contra  la tera 1  to  the  damaged  hemisphere. 

If  attention  is  drawn  to  the  good  side  by  a  cue  (open  circles) 
there  is  massive  inteference  with  the  processing  efficiency  of 


1  7 


trie  target.  At  short  intervals  this  effect  is  so  great  in 
subject  R.S.  that  the  patient  usually  does  not  detect  the  target 
within  the  five  seconds  allowed.  This  represents  a  confirmation 
of  fincings  in  clinical  neurology  where  on  double  stimulation  the 
subject  is  unable  to  report  information  con tra 1  a tera 1  to  the 
lesion.  However,  even  with  intervals  of  1000  millisec  so  that 
the  cue  is  gone  from  the  field  there  is  massive  interference  with 
reaction  time. 

In  further  work  (Posner  et  al,  in  press)  we  have  found 
the  same  massive  interference  when  we  brighten  the  central  box 
thus  drawing  attention  to  the  fixation  location.  The  central 
cue  provides  no  information  on  target  location  and  yet  it 
produces  a  massive  interference  with  reaction  time.  This 
suggests  subjects  have  difficulty  with  the  mental  operation  which 
we  call  disengage.  That  is,  they  seen  to  be  able  to  move  their 
attention  normally  once  it  is  disengaged  but  they  have  difficulty 
in  disengaging  to  any  event  that  occurs  in  a  direction 
contralateral  to  the  lesion. 

t 

Our  results  with  parietal  patients  contrast  rather  strongly 
with  lesions  of  the  mid- bra  in  obtained  from  patients  suffering 
from  progressive  supranuclear  palsy  (Posner,  Cohen  &  Rafal, 

1982).  These  patients  show  a  progressive  loss  in  the  ability  to 
move  their  eyes  in  vertical  directions  while  often  maintaining 
for  some  period  of  time  the  ability  to  move  their  eyes  in  the 
horizontal  direction.  If  we  compare  covert  orienting  to  targets 
in  a  vertical  direction  with  those  obtained  with  targets  in  a 
horizontal  direction  wo  find  that  while  subjects  are  able  to 


orient  covertly  in  either  direction  when  targets  occur  in  a 
vertical  direction  the  orientation  is  slowed.  This  slowing 
of  orienting  on  both  cued  and  uncued  trials  suggests  that  lesions 
of  the  mid- brain  areas  produce  inteference  not  with  the  disengage 
but  with  the  move  operation. 

Conclusions 

I  believe  that  the  studies  of  covert  orienting  using 
chronometric  paradigms  with  normal  and  brain  injured  subjects, 
event  related  potential  methods,  and  single  cell  recording 
provide  considerable  evidence  in  support  of  the  view  point 
outlined  in  our  general  framework.  While  the  franework  is 
rather  general  in  orientation  it  does  suggest  some  differences 
from  views  commonly  asserted  concerning  the  relationship 
between  cognition  and  brain  processes. 

First,  some  psychologists  (eg  Neisser,  1976)  have  rejected 
the  study  of  elementary  mental  operations  by  chronometric 
techniques  because  they  do  not  seem  neither  ecologically  valid 
nor  linked  to  the  underlying  biology.  It  seems  to  me  that 
the  general  framework  outlined  in  Figure  2  provides  deep  and 
detailed  links  between  these  experimental  studies  and  the 
underlying  biology  of  neural  sy stems. 

Second,  other  critics  have  suggested  that  the  event  related 
potentials  provide  no  meaningful  links  to  the  level  of  analysis 
at  which  individual  neural  cells  perform  information  processing 
operations.  However,  the  degree  of  convergence  between  EE6 
methods  and  single  cell  methods  within  our  model  spatial  task 
seem  to  suggest  that  both  are  giving  meaningful  measures 
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of  underlying  mental  operations  in  the  paradigms  that  we  have 
studied. 

Third,  there  is  no  apriori  way  to  ensure  that  the  elementary 
mental  operations  postulated  by  computational  models  at  the 
cognitive  science  level  have  a  relationship  to  the  mental 
activities  that  people  perform.  However,  chronometric  studies 
showing  rather  beautiful  time  locked  re  1  a t i on s h i p s  between 
component  facilitations  and  inhiitions  and  these  mental 
operations  seem  to  suggest  that  in  fact  such  theories  often  do 
postulate  mental  operations  that  are  natural  for  human  subjects 
to  perform  and  provide  meaningful  analysis  in  terms  of 
underlying  components. 

Thus  the  evidence  seems  to  provide  significant  links  between 
each  level  outlined  in  the  general  framework.  Such  links  are 
particularly  useful  in  being  able  to  provide  the  family 
of  a  patient  suffering  from  a  brain  insult  with  information 
concerning  cognitive  deficits  that  are  most  likely  to  result. 

We  are  a  long  way  from  having  a  theory  sufficiently  deep  to  do 
this  but  it  appears  that  the  kinds  of  links  that  we  have  been 
able  to  achieve  do  provide  the  possibility  for  more  detailed 
clinical  application. 

In  this  paper  I  have  attempted  to  provide  something  of  an 
overview  of  modern  cognitive  science  in  relationship  to  the 
question  of  how  cognitive  processes  are  instantiated  in  neural 
systems.  It  is  clear  that  this  is  a  complex  and  largely 
unanswered  question.  However,  I  hope  that  I  have  provided  some 
guide  to  the  growing  literature  that  suggests  a  possibility  that 
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Figure  Captions 

Fig.  1;  A  general  framework  for  the  linking  of  cognitive  tasks 

to  underlying  neural  systems.  The  top  two  rows  represent 
active  areas  of  cognitive  science  (dividing  complex  tasks 
into  elementary  operations),  the  third  row  indicates 
experimental  psychology  of  the  type  described  in  this 
paper.  The  bottom  rows  deal  with  underlying  neural 
populations  and  single  cell  activity. 

~ig  2:  Results  of  an  experiment  on  covert  orienting  with  12 

normal  subjects.  The  solid  figures  (triangles,  circles, 
squares)  are  for  trials  with  targets  on  the  cued  side; 
the  open  figures  on  the  uncued  side.  The  dot-oash  lines 
are  results  from  day  one  where  targets  are  equally  likely 
to  occur  on  the  cued  and  uncued  side.  After  day  1  six 
subjects  were  run  in  a  condition  where  the  targets 
occurred  on  the  cued  side  .8  of  the  time  and  uncued  .2 
(solid  lines).  The  other  six  were  *  u  n  in  a  condition 
where  the  targets  occurred  on  the  cued  side  .2  and 
the  uncued  side  .8  (dash  lines).  After  Posner,  Cohen  & 
Rafal,  1982.  (see  text). 

Fig.  3;  Three  putative  elementary  operations  involved  in  covert 
orienting  task. 

Fig.  4;  Results  of  one  illustrative  right  parietal  patient  in  the 
covert  orienting  task.  The  basic  re  suits  for  target  in 
the  right  visual  field  (triangles)  resemble  normals,  in 
the  left  visual  field  (circles),  however,  there  is  a 
profound  disruption  with  the  efficiency  of  orienting  to 
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an  uncued  target.  Cued  targets  are  indicated  by  solid 
lines  and  uncued  by  dash  lines.  After  Posner,  Cohen, 
Rafal,  1982.  (see  text). 


This  paper  was  delivered  as  an  invited  address  to  the  EPIC 
VII  meeting  in  Florence.  Italy,  September,  1983.  The 
theoretical  framework  was  developed  under  ONR  Contract  No. 
N0014-83-K-1601  to  the  University  of  Oregon. 
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1  Dr.  Stanley  Collyer 
Office  of  Naval  Technology 
BOO  N.  Quincy  Street 
Arlington,  VA  2:217 

1  CDR  Due  Curran 
Office  of  Naval  Researcn 
800  N.  Suincy  St. 

Code  270 

Arlington,  VA  22217 

1  DR.  PAT  FEDERICO 
Code  P13 
NPRDC 

San  Diego.  CA  92152 

1  Dr.  Jia  Hollar 
Code  14 

Navy  Personnel  RID  Center 
San  Diego,  CA  92152 

1  Dr.  Ed  Hutchins 
Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 

1  Dr.  Noraan  J.  Kerr 
Chief  of  Naval  Technical  Training 
Naval  Air  Station  Meaphis  T 73) 
Millington,  TN  38054 


Nav, 

1  Jr.  Ssilliaa  ..  Malay  fC2. 

Chief  of  Naval  Education  and  Training 
Naval  Air  Station 
Pensacola.  FL  72506 

'.  Dr.  joe  McLachlan 
Navy  Personnel  RiD  '.enter 
San  Diego,  CA  ’2152 

1  Dr  Killian  Montague 
NPRDC  Code  13 
San  Diego.  2A  92152 

1  Library,  Ccoe  P201L 
Maw  Personnel  RAD  Center 
San  Siege.  CA  c2152 

1  Technical  Director 
Navy  Personnel  RiD  CenC?r 
San  Diego.  CA  °2l52 

h  Coaaandmg  Gf;::er 
Naval  Resea'ch  Laboratory 
Code  2£27 

Kashi ngtor.,  DC  2G3S0 

1  Office  of  Naval  Research 
Cade  433 

800  X.  Suincv  SStreet 
Arlington,  VA  22217 

1  Office  of  Naval  Research 
Code  441NP 

BOO  N.  Quincy  Street 
Arlington,  VA  22217 

i  Personnel  A  Training  Research  Group 
Coot  44CPT 

Office  of  Naval  Research 
Arlington,  VA  CC217 

1  Psychologist 
ONR  Branch  Office 
1030  East  Sree.n  Street 
Pasaaena.  CA  °!101 

1  Office  of  the  Chief  of  Naval  Coeration 
Research  Develooeent  A  Studies  Branch 
OP  115 

Washington,  DC  20250 

1  Dr.  Bernard  Riaiand  (Old 
Navy  Personnel  RID  Center 
San  Diego,  CA  92152 


Oregon -Posner 


2t-Nay-94 


Saw 

!  Or.  Sooert  3.  Saitfi 
Office  at  Chief  of  naval  Operations 
3P-ag?u 

Msnmgtor.  SC  20330 

’  Sr.  Allred  F,  Saode.  Director 
Seoartaent  N-7 

Naval  Training  Eauipaent  Center 
Orlando.  32S13 

•  Dr.  Richard  5no* 

Liaison  Scientist 
Office  ct  ’lavai  Research 
2rinch  Office,  London 
Sox  39 

PRO  Hex  York.  NY  09*13 

;  Dr.  Richard  Sorensen 
Navy  Personnel  .910  Center 
San  Ci ego,  CA  ’2132 

■  "r.  Tho*as  Sticnt 
•law  Personnel  RIO  Center 
San  Diego,  CA  92! 52 

I  Soger  deissinqer-3arlo.i 
Cecartaent  at  Administrative  Sciences 
Naval  Postgraduate  School 
Nontersy,  CA  939*0 


Narine  Corps 

1  Special  Assistant  for  Narine 
Corps  Natters 
Cade  ICON 

Qtfice  or  Naval  Sesearcn 
300  N.  Quinct  St. 

Arlington,  VA  2221’ 

1  DR.  A.L.  SLAFXOSKY 
SCIENTIFIC  ADVISOR  CODE  R3- 
HS.  U.5.  NARINE  CORPS 
MSHIN6TCN,  DC  20330 


Grsson.'Pesner 


Ar  iv 

1  Tscftm  cal  Director 
U.  S.  Arey  Research  Institute  *or  tr.e 
Behavioral  am)  Social  Sciences 
500!  Eisennower  Avenue 
Alexandria.  VA  22331 

!  Cceeanoer,  U.S.  A rev  Research  Institute 
•for  the  Behavioral  S  Social  Sciences 
S7T.f:  PERI-Bfi  !0r.  Judith  Orasanu; 

500!  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Robert  Saseor 
0.  S.  Arev  Research  Institute  for  toe 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Air  Force 

!  L.S.  Air  Perce  Drtice  or  Scierti;:c 

Research 

Lire  Sciences  Directorate,  N. 
Soiling  Am  Force  Base 
hash  motor:.  DE  20332 

!  Dr.  Earl  A.  Allmsi 
HS,  AFHRL  iAFSC' 

Brooks  AFB,  TT  7S235 

i  hr.  Raveond  E.  Christa! 

AFHRL/HQE 

Brooi  s  AFB.  TI  72235 

!  Dr.  Alfred  ft.  Freglv 
AFOSR 'NL 

Boiling  AFB,  DC  20332 

1  Dr.  Senevieve  Haddad 
Arograa  Manager 
Lite  Sciences  Directorate 
AFOSR 

Soiling  AFB.  32  20332 

!  Dr.  John  Tangnev 
AFOSR /NL 

Belling  AFB.  DC  20332 

1  Dr.  Joseph  fasatur.e 
AFHRL/tRT 

Lowry  AFB.  CD  BC230 


L 
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Deoar*.*ent  c*  Defense 

12  Defense  Tectm:**  IntG'Mtion  Center 
Caneror,  S'it.sn.  Slag  5 
Alevancris,  :t  221 1  - 
*ttn:  TC 

1  Wi 1 1 tar*  Assistant  ;er  Training  ana 
Personnel  Tecnnoloq* 

2t * i ce  o‘  trie  linger  Set'etar*  of  Defers 
for  Resear;«  4  Engineering 
3at:i  3012°.  rhe  Pentagon 
aasiungti'',  DC  2030! 

:  fa;or  ,’aci  Thorpe 
DARPA 

1400  Jilson  61 vd. 

ArlngtM.  vs  2220? 


Cwitian  Agencies 

1  Cr.  Everett  Palter 
nail  Stop  23-9-3 
VSSS-Aees  Res earcn  Center 
«Gffett  Field,  CA  94035 

:  Dr.  Joseph  L.  >  thing,  Director 
neeorv  4  Ccgni to  ee  Processes 
.‘iationei  Science  Foundation 
aasnington,  DC  20550 


:  Dr.  Pcoert  4.  »:sner 
DU3DRE  'E.i' 

Tne  Pentagon,  Rooj  3D!2? 
Uashmgton,  DC  20301 


I 


5r: <4te  =e:tor 


Private  Setter 

;  Dr.  Jonr,  R.  Ardersor 
Departaent  of  Psychology 
Carnegie-hellon  university 
Pittsburgh,  pA  15213 

;  Or.  Alan  Baodelev 
heoical  Research  Council 
Appiieo  Psvcnoioqv  Unit 
1'  Chaucer  Roaa 
CaaOnoge  C32  2EF 
ENGLAND 

:  Paricia  Baggett 
Departsent  o*  Psychology 
University  :*  Coloraoo 
Boulder.  CG  60309 

'  flr.  Avrcn  Barr 
Departaent  ot  Coaputer  Science 
Stanford  University 
Stanford.  CA  9*-305 

1  Dr.  Renucha  Birenbaua 
School  of  Education 
Tel  Aviv  University 
Tel  rviv.  Raaat  Aviv  6°978 
Israel 

1  Dr.  Jcnn  S.  Broun 
XEROX  Palo  Alto  Researcn  Center 
3333  Covcte  Roaa 
&ai o  Alto,  CA 

1  Dr.  Elenn  Bryan 
6208  poe  Road 
Bethesda,  MD  20817 

1  Dr.  3rucs  Bucnanan 
Depart»ent  of  Coaputer  Science 
Stanford  University 
Stanford,  CA  ?43Q5 

1  Dr.  Alan  Baddeley 
Medical  Research  Council 
Applied  Psychology  Unit 
15  Chaucer  Road 
Caahridae  C32  2EF 
ENSLAND 

1  Dr.  Jaiae  Carbonel I 
Carnegie-hellon  University 
Departaent  of  Psychology 
Pittsburgh,  PA  13213 


1  Dr.  Pn  Carosr-te’- 
Department  of  Psycho, oq. 
Carnegie-htiior,  Uni.erait, 
Pittsburgh,  :'A  15213 

1  Dr.  hicr.eline  Chi 
Learning  R  A  2  Center 
University  £;ttsourch 
3939  O’Hara  Street 
BittsOurgr.,  PA  15213 

1  Dr.  hiliiaa  Clar.cev 
Depa'taent  o*  2oapi::sr  S:. er.ee 
Stanford  University 
Stanford,  CA  94306 

i  Dr.  Allan  M.  Coil  ms 
Bolt  Beranek  A  Neuaan,  Inc. 

5C  houiten  Street 
Caaondge,  MA  02138 

;  Dr.  Lynn  A.  Cooper 
LRDl 

University  of  Sittscurcn 
3939  C’tfara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Eaaanuel  Dench n 
Departaent  of  Psychology 
University  of  Illinois 
Chase a i go,  !L  61320 

1  Dr.  jef'rev  Eisan 
University  of  California,  San  Die 
Decartfent  of  linguistics 
La  Jolla,  CA  92093 

!  ERIC  Facility-Acquisitions 
4833  Rugbv  Avenue 
Bethesda,  MD  20014 

1  Dr.  Anders  Ericsson 
Departaent  of  Psychology 
University  of  Colorado 
Boulder,  CO  80309 

1  hr.  hailace  Feurzeig 
Departaent  cf  Educational  Techno 
Bolt  Beranei  S  Reuaan 
10  Moulton  St. 

CaiOridge,  MA  02233 


■  -'csner 


3ro‘e5scr  Donal:  E.tcgerai; 

University  of  .New  E-:;  and 
4'siJaie,  New  South  wales  23- i 
AUSTRALIA 

Dr.  Jor.n  A.  rrefler.isen 
Bolt  3eranek  j  Newest 
50  foulton  Street 
Saaoridce.  NA  01533 

Dr.  Dor  Sentner 

Darter  for  Huoan  Infcrjatio.n  Processing 
.nuersitv  :■*  Dal:(:rnia.  San  Disco 
-a  Jolla,  DA  920=3 

Dr.  Deors  Sentner 
Belt  Beranef  !<  Nenian 
:•)  foul  ton  St. 

Dssoridge.  fS  02138 

Dr.  AcDert  Siaser 

Learning  Research  t  Deveiossent  Center 
university  of  sittsSur:h 
393=  D’Vara  Street 
"‘"‘SBlirSH.  SA  iCDiO 


Dr  Jossn  D-oguer 
:.rl  International 
DTD  rSi6‘ 3'wOOd  Avenue 
‘lari 0  9arv.  DA  9*025 

Dr.  Dir.. si  Sooner 
9 acuity  of  Industrial  Engineering 
V  fanaceaer.: 

’EDHWIDN 
Oil ‘a  TDD  DO 
ISRAEL 


wSIVSRSi™  DR  s:*TS?JSSH 
go-7  >3  NASA  STRES’’ 

: '"T33URSH,  94  15213 


Dr.  3ar:ara  Haves -Sot S 
Department  of  Computer  Science 
Stanfors  Jniversitv 
Stanford,  DA  95305 


:  Dr.  Joan  i.  -slier 
Sraauate  Sroco  :n  Science  an 
Hatheeatics  Education 
:‘o  Scnool  ot  ECucation 
University  of  California 
Berkeley,  DA  =4720 

1  Dr.  Dales  A.  -of ‘car. 
Department  of  Psychology 
University  of  Delaware 
Newer  a.  DE  19711 

1  fehssa  Hollar.: 

American  Institutes  ;or  Rsse 
1055  Thotas  Jefferson  S:..  N 
Washington,  DC  30007 

1  Sler.oa  Sreenwai:.  Sc. 

Hunan  Intel  is  genes  News! rite 
=.  D.  9cx  1 lo* 

9iremghaa,  1!  4E013 

1  Dr.  Earl  Hunt 
Dept,  of  R sycnoiogy 
'Jniversitv  of  Washington 
Seattle.  w«  ns;. if 

1  Dr.  Narcei  Just 
Department  of  Rsvcnologv 
Carnegie-fsilon  University 
sittsPurgh.  r-4  15213 

1  Dr.  Steven  V.  'eele 
Dept,  of  Psychology 
liniversitv  of  D-regcn 
Eugene.  DR  97403 

1  Dr.  Scott  ‘.si  so 
Hastens  laOoratcr-.es,  in: 

270  Crown  Street 
‘lew  ,Javen.  C7  DoDlO 

1  Dr.  David  Kieras 
Department  of  Fsvchc.ocy 
University  of  Vienna 
Tustor..  AZ  35731 

1  Dr.  Waiter  tintsch 
Dep arisen t  of  Rs»chalogy 
University  of  Colorado 
Boulder,  CD  30303 


on/Posne- 
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private  Sector 

1  Dr,  vi c  Planr 
S»D3r tie'll  o*  Psychology 
Carnegie-Rellon  Uni  vers:  ty 
Schenlev  Part 
E:tts3.rsf..  PA  13213 

:  Or.  S teener  jtossl yn 
!23c  »:'.hn  Jaees  Hail 
33  V.ruar.S  it. 

CaiDriace,  BA  J2I38 

1  Dr.  :'at  Langlev 
the  Robotics  IfiStitute 
Camecie-Relion  University 
Pittssur gtv,  PA  1'2*3 

:  Sr.  Rarcy  w.nsian 
The  l.  Thurstone  Psvcnoietn: 
.atornor, 

University  cP  North  Carolina 
Davie  Hall  01 3A 
Ohaoel  Hill.  NC  17514 

1  Dr.  Cl  1 1  Larkin 
Deoartient  c*  6svcholoqv 
Carnegie  lei  lor  University 
Pittsburgh,  pA  15213 

1  Dr.  Alan  lescolC 
Learn  no  RID  Center 
University  oP  Pittsburgh 
3=3°  O'Hara  Street 
Pittsaurgh,  PA  11260 

1  Dr.  Jii  Levin 
University  oE  CaliPornia 
at  San  Diego 

laboratory  Per  Coeparative 
H'jsan  Cognition  -  C003A 
la  Jolla.  CA  92093 

1  Dr.  Dor  Lyon 
P.  D.  Bo::  a* 

Higiev  .  AZ  31236 

1  Dr.  Jay  RcClelland 
Department  oP  Psychology 
HIT 

Cartridge,  flA  02139 

t  Dr.  To*  Horan 
Keros  PARC 

3333  Coyote  Hill  Roafi 
Palo  Alto,  CA  94304 


Private  Sector 

1  Dr.  Ai. an  Rasn 
Benaviora:  tsorrology  .aooratcr 
1 S4 5  £C era  Ave..  Fourth  r’oor 
Redondo  Beacn.  CA  9027' 

1  Dr.  Doraid  A  Net  an 
Cognitive  Science.  C-Cll 
Uftiv.  or  California.  Sar.  D;eg: 
.a  Jolla.  CA  92093 

1  Dr.  Jesse  Drlansi» 

Institute  Per  SePe.rse  Anairses 
1801  N.  Beauregard  St. 

AiSAonor.e,  22j!; 

1  Dr.  Jases  ».  pel 1 egr i no 
Jniversitv  oP  CaliPornia. 

Santa  Barbara 
Dept.  cP  Psychology 
Santa  Baraoara  ,  CA  9310c 

1  Dr.  Nancy  Pennington 
University  eP  Chicago 
Sraooate  School  o(  Business 
1101  £.  55th  St. 

Chicago,  ll  6Cc37 

1  Dr.  hartha  Polsor. 

Departient  o<  Psychology 
Casous  Box  346 
University  oP  Coioraoo 
Boulder,  CC  8C3i’9 

1  JR.  PETER  PDlSCN 
DEPT.  OP  PSYCHOLOGY 
UNIVERSITY  DP  COLORADO 
BOULDER,  CO  30309 

1  Dr.  Lynn  REder 
Deoarteeni  oP  Psychology 
Carnegie-hellon  University 
Schenle*  ^a'l 
Pittsburgh,  PA  15213 

1  Dr.  Pred  Rei; 

Physics  Deoartaer.t 
University  c-P  CaliPornia 
Berkeley,  CA  94720 

1  Dr.  Lauren  fiesr.iCK 
LRDC 

University  oP  Pittsburgh 
3939  O'Hara  Street 
Bittsburgn,  PA  1321 


or 
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0r: . ate  Sector 


:  *1?*  -llrv 

•'larm  .0  Do;:;!;.?  Science 
Ear.  tar  :or  -.3ir  Ir-’oraatisn  Processing 
.n:.ersitv  3*  jt;i:,,Ui,  San  Diego 
u  :s.:a.  :a  =20?3 

:  Dm  Andre*  1,  ’ose 
African  Institutes  -or  Pesearcn 
.  "  "''osas  Je*;erscn  St.  NH 
•aanngtan,  3C  DOOQ7 


1  Dr.  «atnryn  Sooen- 
6svcnologv  Oeoartaert 
Bro»n  Jri.ersi  t< 
’roviderce,  A!  C 2*^ i 2 

i  Dr.  Pooert  Stenoer; 
Deot.  -svcnoi oq y 
rale  On:  .ersit. 

Bex  :;A,  ’ale  Station 
Hen  Ha.er,  C7  JitZD 


Dm  Er*s:  I. 

Dell  '.aoo-atori 55 

‘,."3..  v  '?*'* 

>.  a:  Hi  as  3.  Sousa 
Deorgia  institute  "ecnnoi ocv 
Sc.icol  ■:*  Iroustma.  i  Svstees 
Ero.neerirg 
Atlanta.  DA  7:322 


1  Dr.  Alcer:  Stivers 
Sol:  Beranev  i  Aetna*.  1'c. 
10  Boulton  St. 

Cason  dqe.  HA  '.  2233 

1  Dr.  Perry  ».  'ncrndvr.? 
’erteotromcs,  Inc. 

!4f  ‘•ufile-f  1  ei 3  ;:oao,  Suite 
henlo  Park.  CA  ’402! 


Dr.  David  Suaeinar*. 

Canter  *or  Huaan  Infaruticn  Processing 
Dm*.  of  California.  San  Diego 
1st  la.  DA  ’DD’D 


1  2'.  Arthur  jui.ll 
‘ale  urn  ,*rs::v 
D.-o  arisen:  o<  P=.cn:loc» 
Da-  :  A.  <a.e  Station 

Vs*  Have*.  L *  t!.y 


1  Dr.  Douglas  'cure 
am.,  of  So.  Dal: torn: a 
Benaviorai  Te:hnaloqy  .acs 
'.34!  S.  Elena  Ave. 
cej;ndc  Beacn.  DA  ’O;77 

1  Dr.  Hurt  Van  .enn 
lerax  ’ARC 

::3D  Devote  Hill  Pcaa 
Caic  Alto.  CA  «304 


Dm  Eaaanual  Donr.in 
Deoartient  of  ’s.croiecv 
..*1  varsity  3*  Illinois 
Dhaaoaion.  li  ;1S2D 


Or.  k.eith  T.  Us  .curt 
’erceatromcs.  Inc. 

545  Midi  afield  Roao.  Suite  ‘.40 
flenlo  Park,  CA  ’402! 


1  Dr.  H.  iailace  Sinai «o 
’-odrai  Di-ecto' 

vjnjuiter  ’saearcn  and  Advisory  Services 
Smthsoman  Institution 
SOI  North  Pit:  St'se: 

Alexandria.  VA  223 D 1 

1  Dr.  Edvard  E.  Saitt. 

Bolt  ?era*er.  i  Netuan  Inc. 

50  Haul  tin  Street 
Daacruqe,  BA  >2133 

1  Dr.  Eliott  Eolouav 
/ale  University 

Deoartient  or  Coaouter  Science 

: . D.  Box  Dl!9 

‘ie»  -a.sn.  DT  :-t!DD 


1  Mlliaa  3.  Ahitten 
Beil  Lasoratcries 

22-3 10 

HolaCel,  NJ  D 7723 

1  Dr,  Christopher  Pickens 
Deo art sent  o»  Ps.cholocv 
university  or  Illinois 
Dnaapaign,  !L  slSDC 

1  Or.  Thoaas  »ic:<ens 
Oeoartiient  or  ’svcnolcgy 
Fran:  Hail 

‘university  of  California 
40!  Hilgarce  Avenue 
.:s  Angeles.  DA  mODA 


2HUV-3A 


c"i «.ate  Sects' 

1  Dr.  Joseflt  »oM 
Alofutecfc.  Inc. 

I  Surhnqtsr  Sxecuti.e  Center 
:>:  liadlese*  Turns!** 
SurliMton.  M  01303 


